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@ Trimming circuit 



@ 'A trimrhing circuit , has a plurality of zener zap 
dtodes (Z^i;Zi2,Zi3), a group of switching de^ 
vices {Qi4,Qi5»Qi6) for selectively zapping the 
zener zap diodes. (Zii,2i2»2i3), and a decoder 
circuit (Bii) for controlling the ON/OFF states of 
the switching devices (Qi4,Qig,Qi6)- 
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The present invention relates generally to a trim- 
ming circuit, and more particularly, to an on-chip trim- 
ming circuit for semiconductor integrated circuits. 

As one means to correct device errors produced 
by the limited manufacturing accuracy of integrated 
circuits, e.g., analog integrated circuits, an adjusting 
method of on-chip trimming named "Zener Zap Trim- 
ming" has been known. This method uses a non-vol- 
atile OlSj/OFF switch which is, so to speak, writable 
oniy one time using a phenomenon that a zener diode 
Is broken (zapped) and is permanently short-circuited 
rf electric pulse above a certain energy is applied to 
the zener diode in the reverse direction. 

By prearranging some pieces of such zener di- 
odes in a circuit, the zener diodes are used in the OFF 
(open-circuit) state under a bias condition so that the 
zener diodes do not dose in the forward direction and 
no voltage above zener voltage is added in the re- 
verse direction if the zener diodes are not zapped. 
When making the trimming, while checking circuit er- 
rors, a designated point Is deckled and zapped and a 
total error is reduced by turning a combination of 
some proper zener diodes ON (short-circuited). 

The most basic example of application of a con- 
ventional zener zap trimming is a resistor trimming. 
For this trimming, a resistor network is constructed by 
a plurality of resistors which are subject to the trim- 
ming and zener dbdes connected to these resistors 
in series or In parallel, and pads are arranged at both 
ends of each zener diode. A resistance error Is cor- 
rected by deciding a proper combination of ON/OFF 
state of the zener diodes paired with the resistors and 
by zapping the resistor network. 

Further, instead of the direct trinvning of a resis- 
tor network, there is also an indirect trimming method 
to adjust a circuit subject to the trimming by D/A out- 
put by constructing a networkusing a simple D/A con- 
version circuit and data to be Input to this circuit can 
be set by the zener zap trimming. For instance, when 
this trimming circuit is used for an adjustable filter cir- 
cuit, an osdilator or for time constant adjustment, it is 
possible to commonly adjust several circuits whose 
time constant fluctuation is problem and therefore, 
this trimming circuit is suited to such uses. 

FIGURE 1 shows a conventional circuit having 
current output type D/A output as one example of the 
D/A conversion type trimming. A voltage-current con- 
verter is constructed by an operational amplifier B80 
and a transistor Q80. reference voltage VB is con- 
•tentty appHod between the emtter df the transistor 
Q80 and GND and current converted according to a 
resistance between the emitter of the transistor Q80 
and GND is output to a current output terminal T80 
through the collector of the transistor Q80. 

Therefore, by deciding the ON^FF for connect- 
ing resistors R80b through R80d to GND by zener di- 
odes Z81 through Z83, output current value obtain- 
able at the terminal T80 can be varied. In this circuit 



example, an output current lout can be varied in 8 
kinds as follows by the combination of ON/OFF of 
zener diodes Z81 through Z83: 
lout = nVb/8R, (n = 8, 9, 19, 11, 12, 13, 14. 15) 

5 (1) 

Pads P81 through P83 are for receiving zapping puls- 
es and by applying voltage pulse to the pads corre- 
sponding to the zener diodes Z81 through Z83 from 
the outside, it becomes possible to short (ON) a des- 

10 ignated point only. 

Shown in FIGURE 2 is a deformed example of the 
zener diodes zapping circuit shown in FIGURE 1. In 
this example, the zener diodes Z81 through Z83 have 
been substituted by switching transistors Q91 

15 through 093 and these switching transistors are con- 
trolled by the zener diodes Z91 through Z93, 

When the zener diodesZ91 through Z93 have not 
been zapped, the switching transistors 091 through 
093 have been biased by resistors R91 through R93 

20 and R94 through R96, and the switches are in the ON 
state. When the zener diodes have been zapped, bias 
current from Vcc is shorted to GND In the middle and 
therefore, no bias current is supplied to the switching 
transistors and the switches are in the OFF (open- 

25 circuit) state. 

Thus, likewise the example shown in FIGURE 1, 
it is possible to vary output current of the D/A conver- 
sion circuit by selectively zapping the zener diodes. 
However, the output current is reversed one time by 

30 the switching transistors 091 through 093, and the 
relationship between the zapping and the switch 
ON/OFF becomes contrary to the example in FIG- 
URE 1. This circuit is superior than the circuit shown 
in FIGURE 1 in two points that one is that current 

35 flowing to zenerdiodes In the short-circuited state af- 
ter completing the zapping is easily restricted and the 
other point is that residual resistance and its fluctu- 
ation, even when large, scarcely affect D/A conver- 
sion output, and this circuit has a higher using value 

40 than the circuit shown in FIGURE 1. 

In the conventtonal circuit examples shown 
above, at least one zapping pad is needed for every 
zener diode. In the examples in FIGURES 1 and 2, as 
the anode terminal of zener diode Is of GND type and 

45 a GND pad can be used when zapping, only one pad 
is required for zapping per zener diode. However, two 
pads may be required for each zener diode depending 
on a type of circuits. If the number of trimming points 
by zapping of zener diodes is increased orthe number 

50 Of trimmfngs fs Increased fn order to fncrease the 
number of trimming steps, the number of pads must 
be Increased proportionally and therefore, economy 
will become remarkably worse. For instance. If there 
are average five trimming points for 4 bits, more than 

55 20 pads must be specially arranged for the zapping. 
In such the trimming according to the convention- 
al zener diode zapping system, the trimming can be 
performed almost only in the state of wafer before as- 
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seitiblin'g' (Before^sSSling in 'a^^alllfB^j'^ 
ifiing^Sy^appingfafjfer^^^^ 

sapy4o^put^allnhe^zapping^paas%uras IG pins'and as 
a result/fhe numbePof IG'pint1ncrease§ by at leasf 
the prodflSt of the^umbe of fnmfning^ points and the 
nuniber^f average^tnmmln^^^^^ it is'hot practical. 

'Howevef;€'demand fo'rT^ 
sealed Ima' package after assenible'd% strongly de^ 
manaed mainly from the following fodrlieasons. 

The f irst'reason is thaf if the'^ trimmlhg was per- 
fornned in the wafer state; there is such a defect that 
the correction Thade by the trimming^ r^ 
trimming accuracy cannot be promoted^ because of 
the effect of stress applied to themotint during the as- 
semblinig and the pJieibielecfrlc^effebt bf siiess^ be^ 
tweenariiC chip and risin when sealihg^i 
and it is necessary to perform the trimming requiring 
a high accuracy in the state close to th 
form after asisembled. I' ■ 

1Phi9^efi5ilid^^ibtf^ 
jected as beiifig faulty at#tri^ a die-sorter 

test,. It will become a uriheGe^ trirffm|hg of IGs 
which may be rejected by a tesi^after^ss^ The 
trimming by the zapping requires labor and cost and 
therefore, in particular, if a yield of good products ih 
the te^trsrfter'as^iembted 1 it will be rnore^do- 

nomically advantageous to perform the trimming af- 
ter t he test after assembled than to perform the trim- 
ming in the of ^t(E>r. ' - - 

The t h ird ireasdh is t hat when t he trimming is pei^- 
formed while chi^ckihg signals by putting \Cs in the 
dperatirji^ isiii^ iQis'cari^riott b^cul^d 
in the wafer state as it is complicated; The triihHmihg 
of ICs in the wafer state t)y the zapping is Sufficient 
for theiinnirriiriig' of simple reisistlance vdiluel Ac^aily, 
however, the trimming is executed while checking a 
frequency characteristic and ah amplitude character- 
istic in a considerably large scsile circuit in rhahy teas- 
es. In these cases, it is necessary to carry out the 
precise hfieasuremeht and ar highr level of djscrimina- 
tion by an AC t^st Instekd of a simple DC test arid a 
general purpose equipment of die sorter which is car- 
ried out On ICs in the wafer state is insufficient in 
many cases. In this point, the trimming after assenv . 
bjed has the large degree of freedom from the view- 
poirit of equipment and operations 

The fourth reason is that there is such a case 
where equipmentmaker who are users of ICs perform 
the trimming of overall characteristic indudlnglfluctu- 
ation of a set not only the self-optimizing type trinv 
ming of simple ICs. IN this case, manufacturing of 
products which allows the trihnming by the zapping 
will become an absolute condition required for the 
zener zap trimming of integrated ciituits. 

As ^to t he cdnVe?htibri^if iii^ "^in Ifcsi it Is 
strongly demanded to make thei trimming on ICs in . a 
form dose to the final products if ter:^ssembled from 



the viewpoints of in assuring trimming -accuracy, 
dc6riom5.Wli'e degree of Ifreedom^ fbr monit?)ririg^ and 
nf^t!hjr^^ ^iWrmirig by ust' makers, elc. ffoweve^ 
there was such a problern that In order to perforin the 

5 trimmihg^'after assembling 16s according tdVHe con- 
V ventional zener zap trimming system, IC pins dedicat- 
. ed for the zener zapping more than the number of 
zener zap diodes are at least rieeded and extremely 
uneconomtcal and hot practical. 

10 The present invention seeks to provide a trim- 
ming circuit which enables the trimming easily after 
sealing IC chips in packages arid scarcely requires to 
increase IC pins everi ^when increasing trimming 
points or subdividing trimming steps. 

15 Atrimming circuitaccording to one aspect of the 
present invention includes switches and a decoder 
circuit for controlling the switches as a zapping coritrol 
circuit for rediicirig IC pins requiiFed for zapping zener 
diodes and the path of zapping pujses' applied frorh 

20 tHe outside is^ecid^d by the^ytch^c^^ 

Use of tha means described above elimlriites a 
p^d tor receiving zappi^^^ 

and requires only one comnntonn pad shared for the di- 
odes for receiving a zapping pulse. Thus, the number^' 
25 of pads scarcely increases iey err if trimming points in> 
creased or farimmlng steps^^ere further subdivided^ 
and therefore, jr becSirfiii lasy to make the trimr^ 
after sealing ICs in packages scarcely increasing the- 
number of IG pins; - ' 

30 - Additiohdl blj^cts and advantages bf the preserit 
invention will be apparent to persons skilled in the art- 
froin a study of the fdilbwlng description and the ac-/ 
conripainylriig dinwln^ iShichare heireby incbrpbrated 
in and constitute a part of this specification. 
35 For a better understanding of the present inveri- 

tion arid mihy if the ai^cfanridvin 
reference will be now be hiade by w^ay of example to 
the accompanying drawings, wherein: 

FIGURE 1 lis a circuit diagrahfi showing a 
40 tional trimming crcuit using zeriier zap diodes; 

FIGURE 2 is another circuit diagram showing a 
conventional trimming circuit using zener zap di- 
'.• odes; ' ■ ' '^'-f ' ' ^■-^'■'-■■'i- ''y^-:' 
FIGURE 3 is a circuit diagram showing an em- 
45> bodiment of the trimming circuit accbrdirig fo the 
present invention; 

FIGURE 4 is a circuit diagram showing a first 
modification of the trimming drcuit shown in FIG- 
■ URE3; . r 

50 FIGURE 5 is a circuit diagram showing a second 
. modif ication of the trimming circuit showri in FIG- 
URE 3; ■ * 
FIGURE 6 is a circuit diagram shoWihgii third 
modification of the trimifnihgcircuilt shown in FIG- 
55 , URE3; 

FIGURE 7 is & dfcuit diagrarh showi^^^^^^ 
with ti^risistors for withstand voltage cascade 
connected to the DarlirigfiDri cbrif igoratioh shbwn 
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in FIGURE 4; 

FIGURE 8 is a circuit diagram shewing a fourth 
modification of the trimming circuit shown in FIG- 
URE 3; and 

FIGURE 9 is a circuit diagram showing a fifth 5 
modification of the trimming circuit shown in FIG- 
URE 3. 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 
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The present invention will be described in detail 
with reference to the FIGURES 3 through 9. Through- 
out the drawings, reference numerals or letters used 
In FIGURES 1 and 2 will be used to designate like or 15 
equivalent elements for simplicity of explanation. 

FIGURE 3 shows one embodiment of the trim- 
ming circuit according to the present Invention. The 
concept of trimming by the zener diode zapping circuit 
shown in FIGURE 2 has been directly applied to this 20 
embodiment 

A circuit subject to thetrimming Is a current output 
type D/A conversion circuit 1, which Is composed of 
an operationalamplif ler B10, transistor Q1 0, resistors 
R10a through R10d and transistors Q11 through Q13 25 
as adjusting switches. The point that the ON/OFF of 
the switching transistors is decided by zener dbdes 
Z11 through Z1 3 while supplying bias to the transis- 
tors Q11 through Q1 3 by a circuit composed of the re- 
sistors R11 through R16 Is the same as FIGURE 2. 30 
An important point of the present Invention is that 
transistors Q14 through Q16 have been arranged as 
switches for deciding the path of electric pulse while 
in the conventional trimming, zener diodes are zap- 
ped by applying electric pulse to pads which are pro- 3S 
vided to the cathode terminals of zener diodes. 

Thus, only one pad is sufficient for receiving zap- 
ping pulse to the zener diodes 211 through Z13 and 
this pad is a pad P10 shown in the drawing. The num- 
ber of pads has been reduced by providing the switch 40 
S11 for deciding ON/OFF of a bias source 111 and 
switching transistors for driving these transistors and 
a decoder B11 for controlling the switch S11 

Now, in the zapping mode, an output of the de- 
coder circuit B1 1 controls the switch S1 1 to turn to Sc 45 
based on the data input to the pads Pit and PI 3 and 
bias current was supplied to only the transistor Q14 
out of the zapping switching transistors, if current 
pulse for zapping is applied to the pad P10 under this , 
state, this cument pulse flows to the zener Z11 50 
through the collector and emitterof the transistor 014 
as only the transistor 014 is in the ON state in the 
switching transistors , 

Therefore, if that current pulse has satisfied more 
than certain zapping conditions, the zener diode Z11 55 
of three zener diodes only is changed to the short- 
circuit state. As a result, a path to bypass bias current 
supplied by the transistor 014 and the resistor R1 1 to 



6ND is created and output current is slightly reduced 
when only the transistor 011 equivalent to the lowest 
bit out of the transistors 011 through 013 is turned 
OFF. If a value of each of the resistors RlOa through 
RIOd for current regulation of the D/Aconversion cir- 
cuit 1 is weighted by 2n, it is possible to change the 
output current linearly against digital set data. 

By performing the zapping at points equivalent to 
the optimum data according to the zapping proce- 
dures described above, it is possible to suppress an 
output current error to between a certain resolution 
which is decided by the number of bits for the number 
of zener diodes. As there are three zener zap diodes 
in FIGURE 3, 3 bits are adjustable and when com- 
pared with a case where an output current error is not 
adjustable, it becomes possible to suppress the reso- 
lution to 1/8 or below by making a proper trimming. 

In this case, the number of pads for zapping \s re- 
duced by controlling the encoder but an Input pad for 
setting the decoder adjusting data is newly needed. 
In this embodiment, as three points are controlled, at 
least 2 bits coded Input data become necessary. 
These terminals correspond to the pads PI 6 and 
P17, as shown.in the drawing. 

However, when comparedwith the conventional 
method in which one pad was needed for every zener 
diode, even when the number of points subject to the 
trimming and the number of trimming steps in- 
creased, it is not so necessary to Increase the number 
of pads proportionally. The more zener diodes are in- 
creased, the more reduction effect of the number of 
pads by the decoder system, becomes remarkable.. 
For instance, when trimming data for 8 bits, required 
decoder input is 3 bits, that Is, only three pads are re- 
quired and for trimming data for 8 bits at 8 points, that 
IS, total 64 bits, required decoder Input Is 6 bits, that 
is, only 6 pads are required. 

Such the pads reduction effect is further in- 
creased when a serial bus control is used for the zap- 
ping control. This is achieved by substituting the de- 
coder circuit B1 1 wit h a serial bus decoder circuit For 
instance, when 2-wire type serial buses for data and 
clock are used, only two pads are needed for control 
data input no matter how many zener diode are in- 
creased. 

As the zener zap trimming can be realized with 
less pads, it has become possible to make all of these 
pads to IC pins and as a result, it will become possible 
to make the trimmjog after scaling IC qhip^ m 
ages. As already described above, this method of 
trimming is excellent in that accuracy of the trimming 
is promoted as the trimming error due to the piezo ef- 
fect between IC chips and resin when sealing IC chips 
with resin can be eliminated and further, the zapping 
is easy to perform. 

FIGURE 4 shows a first modiflcatfon of the trim- 
ming circuit according to the present invention. This 
modification is the same as the embodiment show in 
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FIQURE S^in that zefher zap5|ioa0at'|eyera^^ 
are zappeB through biiiyMoni^zap^pin^^^ con'firbl- 
ling 'the zapping current ptilW bus^^^^^^^ 
svjfltfeh^fVVfik mod cir- 
cuit shciwri In FIGtiRE 3 is that swi&hirig^tra 
have been arranged between zeher zap diodes and 

That is, transistors Q24 through Q26 act as 
switches for controlling the zapping of zeher zap dir , 
, pd^ii Zil thrbujgh 223^ Tra through 026 

; control ON/OFF df adjusting switches for a systems of 
resistors R11 and R21 and the transistor Q21. Thus, 
according to the sltate of the groiip of adjusting 
switches, it is possible to make the trimming of a cir- 
cuit, for instance, the D/ A conversion circuit 1, con- 
nected to^the adjusting switch group. 

In this case, diodes Q27 through Q29 have been 
provided to separate control ends of respective ad- 
justing switches. Further, as ON/OFF of respective 
adjusting switches must be decided based on wheth- 
er zener diodes are short-circuited when I Gs are ac- 
tually in the operating state after completing the trim- 
ming by zapping the zener diodes, . all the switching 
tiransiibtojrs for zapping must be iii the ON state. 

That is, in the actual operating istate, driving cur- 
rents 121 through 123 should have the switching tran- 
sistors Q24tfimughQ26turrt€k^^ > 

The operation for actually performing the zap- 
ping will be explained using an assumption to make 
the zapping of the zener diode 2122. Zapping cdntrol 
data are input as data and clock from pads P26 and 
P27 through a two-wire type serial bus. The merits of 
the control by the serial bus are as described in detail 
in the embodiment shown in FIGURE 3. This input is 
converted by a bus decoder B21 and only the switch 
S22 equivalent to the zener diode Z22; out bf the con-^ 
trol switches of the switching transistors for zapping 
is turned ON; ' - ^ 

As a result, driving current is supplied to the 
switching transistor Q26 only and Q25 only is put in 
the ON state, if zapping current pulse is applied to a 
pad P20^ the current flows through Q28 - Z22 - Q25 
- 6ND in thatorder and the zener zap diode Z22 is 
short-circuited. When actually operating an IC^ bias 
supplied to the adjusting switchea-firom the resistors 
R12 and R22 is bypassed to GND by the zener diode- 
Z22 and the transistor Q25, and the IC is operated by 
turning the central switch Q22 only OFF out of three 
acljusting switches. - 

In this first hnodlficatipn, the switches for zapping 
control are arranged at the anode sides of the zeiier 
diodes, that is, at the GND side while they are ar- 
ranged at the cathode sides of the zener diodes^that 
is, the zapping pulse receiving pads side in the enrH 
bodiment shown in FIGURE 3; Ih ^general, voltage ap- 
plied to zener diodes when performing the zener zap- 
ping may reach severer tens volt and therefore, their 
control switches must withstand reasonable high vol-^ 



tage.' In f he'clrcait illustrateff In FIGU RE 3; as confrdl 
trans'istoirs^Qf^^^^ have been arrarigeci at 

th#Tiighi^6itap's|i^ diOdes, they rriufst 

withs^nd^Kigh Vdltage;^^ ; ■ ^ 

5 Inthfetirstmbdificationvastheco^ 

Q24 through 026 have been arrariged at the low v6l- 
y tage side St the zen^r d ire ifihore skJv 

tagebustharitfie transistors Q shown 
: m FISSURE 3. However, evien^ case, a consid- 

10 ' , erably high voltage is applied to the 

Q24 through Q26. That is, in an example to zap the 
zener diode Z22; voltage as high as several tens volt 
is generated at the pad P2b and if this voltage is high- 
er than the withstanding voltage between the cdllec- 

15 tors and the emitters of the transistors Q24 through 
Q26, these transistors may be broken and zapping 
current being supplied to the pad P1d is brahbhed to 
the diodes Z21 and Z23 side land sufficient zapping 
cannot be made. In particular, if the diodeZ21 orZ23 

20 has been already zapped and in the short-circuited 
stale, a high voltage generated at the pad P20 in the 
zapping Is fully applied directly to the control switch- 
ing transistor 024 or Q26 and t herefore,, the voltage 
at the pad P20 does riot rise above, breakdown voir 

£5 tageand because ofthiis, the zapping may hot be exe^ 
cuted. ■■ ^ ; - ^^■ 

In this modification, the zapping ciannot be well - 
carried out or the zapping can be made at only onie 
point if the zapping control tiransistors have low wilh- 

aa stand voltage. FIGURE 5 ehbws k sedbhd modif ica^ 
tion bf the trimming circuit according to the present jn^ 
vehtion. In this modification, control transistors have 
beeri cascaded in series to geta sufficient withstand 
voltage in total and the zapping can be performed 

35 even when a low withstand voltage semiconductor 
process is used. 

In FIGURE 5, the ON/OFF operations of control 
transistors 024 and 24', Q25 and 025', and 026 and 
026' are controlled by Interldcking switches S21 and 

40 S2V, S22 and S22\ and S23 and S23\ 

In general, such the cascade connected con- 
struction of the transistors Q24 and 024', 025 and 
025*, and 026 and 026* can increase the withstand 
voltage at the collector end of each control transistor 

45 to a considbrably higher cbllectimr-t(Hsubstrate with- 
stand voltage than collector-to-emitter withstand vol- 
tage. •.■ > ; '-^ .'■ i ; 

By the way, for currerit ptilise to be applied for 
zapping,; current as large as several tens hiA is re- 

50 quired. This current is considerably large for IC. On 
the other hand, a control circuit at a decoder circuit or 
a bus decoder circuit cannot take out so large driving 
current in many cases because such a circuit as 12 L, 
CMOS, etc. is used. Actually, therefore, combined 

55 ' transistors in two-stage Darlington construction or in 
three-stage Darlington construction are used for the 
transistors 024 through 026 shown in FIGURE 4. 
' FIGURE 6 shows a third rnodif icatioh of the trinrv 
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ming circuit according to the present invention. In this 
nrtodiflcation, the transistors Q24 through Q26 of the 
zener zap control circuit shown in FIGURE 4 were 
changed to three-stage Darlington connected transis- 
tors of Q44a through Q44c, Q45a through Q45c. and 5 
Q46a through 46c. 

Thus, use of the three-stage Darlington con- 
struction makes switching of large current pulse pos- 
sible even when driving current at the control circuit 
side is small. Further, when actually operating an IC io 
after completing the zapping, it is only needed to keep 
transistors at the last stage of the Darlington con- 
struction in the ON state, that is, it is only necessary 
to keep the transistors Q44a, Q45a and Q46a shown 
In FIGURE 6 in the ON state by supplying bias current is 
to their bases. 

When switches in such three-stage Darlington 
construction are used, if withstand voitage of the tran- 
sistors constructing the circuit becomes a problem, 
this problem can be solved by using switches com- 20 
prising transistors Qe through Qg shown In FIGURE 
7 In Darlington connection and transistors Qa through 
Qc including the transistor Qd in cascade connection. 

FIGURE 7 shows a fourth modification of the 
trimming circuit according to the present invention. In 25 
this modification, switching transistors for zapping 
control have been provided at both the anode side 
and the cathode side of zener zap diodes. 

In this, fourth modification, a wiring matrix is 
formed and a device combining a diode and a zener 30 
diode similar to the example shown in FIGURE 4 is in- 
serted at each crossing location. Wiring lines at re- 
spective lines and rows are driven by switching tran- 
sistors and only zener diodes positioned in the cur- 
rent bus designated the switching transistor groups of 35 
the lines and rows are zapped. 

FIGURE 8 shows an example of a 3 x 3 zapping 
matrix. The relationship among zener zap diodes 
261a through 261c, 262a through 262c, and 263a 
through 263c and the adjusting switches of D/A con- 40 
version circuits 2 through 4 is the entirely same as the 
circuit shown in FIGURE 4. Switching transistors Q64 
through Q66 are arranged at the anode dises of the 
zener diodes for the zapping and the base ends of 
these zener diodes are controlled for the line driving 45 
current sources 161 through 163 and switches S61 
through S63. On the other hand, switching transistors 
Q67 through Q69 are arranged at the cathode side 
and the base ends of these zener diodes are control- 
fed for the row driving by current sources 164 through so 
166 and switches S64 through S66. 

Thus, the current bus running through the inter- 
secting point of the line designated by one of the 
switches S61 through S63, which is turned ON and 
the row designated by one of the switches S64 55 
through S66, which is turned ON is produced be- 
tween a zapping pulse receiving pad P60 and a GND 
pad P66. Further, when ac^ally operating an 10 after 



completing the zapping, all of the switches S61 
through S63 must be turned ON and the line driving 
switching transistors 064 through Q66 must be kept 
ON by the driving current 161 through 163. This point 
is the same as the second modification as shown in 
FIGURE 4. The line and row driving control switches 
S61 through S66 are controlled by decoding data in- 
put from pads P66 and P67 and two-wire serial bus 
clock data- by a bus decoder B61. 

Now, the zapping will be explained based on the 
assumption that only a zener zap diode 261a out of 
the zapping matrix is zapped, zapping control data 
are input as data and dock by pads 66 and 67 through 
a two-wire serial bus. This input is parallel converted 
by the decoder B61 and turns only the control 
switches S61 and S64 for the zapping switching tran- 
sistors. Thus, driving current Is supplied to only the 
transistors Q64 and Q67 which are turned ON. If cur- 
rent pulse for zapping Is applied to the pad P60 in this 
state, the current flows through P60, Q67, Q67a, 
261a. Q64 and P65 (GND) in that order, and the zen- 
er diode 261a only Is short-cirouited. 

Therefore, when actually operating an 10, adjust- 
ing switch bias supplied by the resistors R64a and 
R61a Is entirely bypassed to the GND by the zener di- 
ode 261a and the transistor 064, and the IC is oper- 
ated with only the upper left transistor Q61a and of 9 
adjusting switches turned OFF. 

In this fourth modification, the method to con- 
sfruct a matrix- shaped zapping circuit by line and row 
switching transistors is useful In reducing the number 
of switching transistors and a scale of its driving cir- 
cuit 

Further, when making the zapping of nine zener 
diodes, if the zapping matrix from is used, only six 
switching transistors and a driving circuit of these 
transistors are needed. If the zapping circuit is not in 
the matrixform as shown in FIGURE 4, nine switching 
transistors and a driving circuit of the transistors are 
required. The more the number of zener drades is, the 
more this effect becomes remarkable. For instance, 
when zapping 64 zener diodes, switching transistors 
and their driving circuit can be reduced to minimum 16 
pieces of switching transistors (in case of a 8 x 8 ma- 
trix) from 64 pieces if the circuit is made to the matrix 
form as shown in FIGURE 8. 

in the embodiment and Its oKsdrficattons as de- 
scribed above, the trimming circuit using the zener di- 
ode zapping has been axpUunod. Jim prMem iiwan- 
tion Is not limited to the trimming circuit using the zen- 
er diode zapping but can be applied to a trimming cir- 
cuit using fuse resistors. To be concrete, this trimming 
circuit using fuse resistors can be realized simply by 
replacing the zener diodes shown In the zener zap- 
ping trimming circuit described above directly with 
fuse resistors. 

FIGURE 9 shows a fifth modification of the bim- 
ming circuit according to the present invention. Ex- 
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cepfcthat zener 2# diodes 221 thj^li^^ 
triiTimi%ciireuitfor tlie zener diode^ iir 
FIGURE 4 were reptaced by fuse resistors H71 
through H73, the Gohstructloh bf'lhe ciirajit lii this 
fifth modification is entirely the s^me as the circuit 
shown in FIGURE 4. 

the point that ijsiiig triihsiste 
Gontrolled by a decoder circuit B21 using only one pad 
P20, as many poinits as needed caii be fuse tiinrimi ng 
lis the same as the zener diode zapping trinirn 
cuits of the embodinrient arid its modif icatidhs as de- 
scribed at)ove. However, which the zener diodes de- 
signed for zapping wiii bef shdrt-circuited in case of 
the zener diode zapjsing, the designated points will 
change from a resisting conductive state to an op^n 
state in case bf the trimming circuit using fuse resis- 
tors. 

As the fuse resistors H71 through H73 before 
frimming are in the conductive state, the adju^^^ 
switching transistors Q21 throug h Q23^are in the OFF 
state in contrast with the zener djbdes. And inthe en- 
tirely sarhje manner as in the zener diode zapping, 
data to tlie applied to the pad P20 is decoded by the 
bus decoder B21, one of the control switches S21 
through S23 and a corresponding control switching 
transistor out of Q24 through Q26 are turned ON and 
then, by applying current pulse to the pad P20, a cor- 
responding fuse resistor can be changed to the open 
state. 

Thus, the trimming of the D/A conversion circuit 
1 can be trimmed in the same manner as in the zener 
diode zapping. Further, when actually operating an IC 
after completing the trimming, the switches 821 
through S23 for reading tiimniing data must be turned 
ON and the trimmjng control transistors 024 through 
Q26 must be kept ON. This is also the same as the 
zener diode zapping. 

As described above, according to the trimming 
circuit of the present invention, it is possible to reduce 
the number of zapping pads, provide all of these pads 
as iC pins and perform the zapping after scaling an 
IC chip in a package by constructing a grou p of 
switches for a zapping circuit and a decoder circuit for 
controlling the switches in an analog integrated cir- 
cuit Thus, the present invention can provide an ex- 
tremely preferable trimming circuit. 

While there have been illustrated and described 
what are at present consjdeined to be preferred ein- 
bodiments of the present invention, it will be under- 
stood by those skilled in the art that various changes 
and modifications may be made, and equivalents may 
be substituted for elements thereof without departing 
from the true scope of the present invention. In addi- 
tion, many modifications nnay be mad6 to adapt a paf- 
: ticular situation or material to the teaching.of the pres- 
ent invention without departirig fronri the central 
scope thereof, therefore, it js intended that the pres- 
ent invention not be limited to the particular enibodi-. 



rrienl^disWd^ed a& for 
cairying'out the 

ent invention indude all embodiments falling within 
• ? f tii^ sirape# the ap^^ 

5 . • ^ The%i^gbing are 
. ; : regarded by the applicant as including a variety iDf in- 
diyidiMlly liw^ may lie 

; partially or wholly of 
■ . the follbwirig cteirns. the^ct has 
10^ clioseh k^the'UrhS^^ present applied 

tb^ restrict the clairhed scope xrf p^ accor- 
; dance with the fq^^ poj^^ batsaken as 

a disciaimer or alternative |nveh^^^ 
incluc|ed in the contents of the application and could 
t5 be def ined by claims ^^^d scope from tlie fol- 

joWihg dain^, wHi^^ 

subsequentlyliu ri fijg prosecution; for example for t he 
purposes bf a divisional application. - . 
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Claims 



1. A trirnmirig circuit comprising a pluriallty of ze^ 
zap diodes, characteri in that the circuit fur^^ 
25 ' :r ther cornjp^rises; v " 
^ a group of switching 
'zapiping the zener^^^ V :-^ > 

V a decoder . circuit for Qoritrblling * the 
ON/OFF states of the switchinjg devices. 

3d 

2; A trlinming circuit comprising a plurality of zener 
diodes, their one electrodes being conriected to 
a re^rehce pbtehtial, characterized In that the 
circuit further comprises: 
35 ' a group of switching devices inserted be- 
tween the other electrodes of theieher siap di- 
odes and a commontermihal for receiving a zap- 
ping pulse; and : > ■ / 

^ i a decoder circuit for settiriig the bN/OFF 
40 states of the switching devices at a zapping 6p- 

■ eration. -p 

3. Atrimming circuit comprising a plurality of zener 
; >^ap diodes, characterized ia that the circuit fu^ 
• 45 ■ ther comprises:' ' j-''- ^ ' ■ ' 

a group of diodes inserted between the 
> bther eliectrbdes of respective zener zap diodes 
and a common terminal for receiving zapping 
pulse; and 

50 ' ; a decoder circuit fdr settlHg the ON/OFF 

/states of the switching devices when zapping the 
■ zener diodes, 
•wherein 

diodes are porinected to reference potential 
55 through the switching deyic^^^ 

4/ A trimming drcuitcbmprisirig: 

- a group bf devices which are in combina- 
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tion of diodes whose anodes are connected each 
other and cathodes are used as the external ter- 
minals and zener zap diodes, 
characterized in that the group of devices are in- 
serted at every crossing location of a wiring ma- 
trix arranged in a grid shape, and the group of 
wires of lines is connected to a reference potential 
through switches and the group of wires of rows 
is connected to a common terminal for receiving 
zapping pulses through switches, and the 
ON/OFF states of the switching devices for the 
lines and rows when zapping diodes is controlled 
using a decoder circuit 

5. A trimming circuit comprising: 

a group of devices which are In combina- 
tion of diodes whose cathodes are connected 
each other and anodes are used as the external 
terminals and zener zap diodes, 
characterized in that the group of devices are in- 
serted at every crossing location of a wiring ma- 
trix arranged in a grid shape, and the group of 
wires of lines is connected to a reference potential 
through switches and the group of wires of rows 
is connected to a common terminal for receiving 
zapping pulses through switches, and the 
ON/OFF states of the switching devices for the 
lines and rows when zapping diodes is controlled 
using a decoder circuit 

6. A trimming circuit as claimed in either Claims 1 
through 5, an independenttransistor or a plurality 
of Darlington connected and combined transis- 
tors are used as switching devices and their 
ON/OFF is controlled based on whether base 
current Is to be supplied or not 

7. A trimming circuit as claimed in either Claims 1 
through 5, the decoder circuit controls the zap- 
ping state by serial data using a serial bus decod- 
er. 

8. A trimming circuit as claimed in Qalm 3, in the 
group of switching devices inserted between the 
zener zap diodes and reference potential out of 
the group of switching devices, alt switches are 
kept in the ON state in the normal operation after 
the zener zap trinrmiing. 

9. A trbnming circuit as claimed in either dain^ 4 
and 5, the group of switching devices whose one 
ends are connected to reference potential, all of 
the switches are kept in the ON state In the nor- 
mal operation after the zener zap trimming. 

10. A trimming circuit as claimed in Claim 6, an inde- 
pendent transistor or combined transistors which 
are described as a switching device configuration 



method, a plurality of transistors connected in 
series and are used and they are gang controlled. 

11. A trimming circuit comprising: 

5 a plurality of fuse resistors, 

a group of switching devices for selectively 

zapping the fuse resistors; and 

a decoder circuit for controlling the 

ON/OFF states of the switching devices. 

10 

12. A trimming circuit as claimed in either Claims 2 
through 5, wherein the trimming is carried out by 
substituting zener zap diodes with fuse resistors. 
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